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A lthough the widespread use of high-volume low-pressure cuffs has reduced the incidence of cuff-
related tracheoesophageal fistulas (TEFs) to 0.5% in
patients undergoing tracheostomy,1,2 long-term intuba-
tion still accounts for the majority of acquired, nonma-
lignant TEFs because of either overinflation of the cuff
or placement of small tracheostomy tubes necessitating
overinflation of their cuffs to provide airway sealing.3
Associated risk factors include excessive motion of the
tube, infections, hypotension, steroids, and diabetes.4
Operative closure of TEF is necessary because spon-
taneous closure is so rare.2,3,5 Because of the variety of
surgical options to repair a TEF, including direct clo-
sure of the tracheal and esophageal defects with or
without pedicled muscle flaps,6-7 tracheal closure with
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an esophageal patch,8 segmental tracheal resection, and
anastomosis with esophageal closure9 and esophageal
diversion,10 the timing and type of repair are still debat-
ed. We here evaluated the surgical outcome of postintu-
bation TEF performed before, during, and after the
transition from the frequent use of direct or indirect
closure or esophageal diversion to the routine use of
segmental tracheal resection and anastomosis with
esophageal closure.
Patients and methods 
Thirty-two patients with a TEF have been referred to us
since January 1981 (Table I). All but 1 of the patients were
operated on at Hôpital Marie-Lannelongue. Two patients had
prior surgical failures. All but 4 patients were intubated with
an orotracheal tube, and the overall median intubation time
was 30 days (range, 2-225 days). Twenty (63%) patients had
both a tracheostomy tube and a nasogastric tube in place on
arrival. Overall, the diagnosis of TEF was made at a median
of 35 days (range, 23-180 days) after the initial intubation,
before (n = 21, 66%), at (n = 1, 3%), or after (n = 10, 31%)
extubation. The diagnostic delay was significantly (P < .001)
longer in patients with medical complications (53 ± 18 days)
than in post-traumatic (32 ± 4 days) or postoperative (18 ± 6
days) TEFs.
All patients had a septic syndrome on referral, and 17
(53%) patients had methicillin-resistant Staphylococcus
aureus and blood cultures positive for Streptococcus D,
anaerobic, or Candida albicans. Twenty-three (73%) patients
had at least three of the following conditions: body weight
loss of 15% or more while in the intensive care unit, severe
hypoproteinemia, electrolyte imbalance, functional or organ-
ic kidney insufficiency, and cardiorespiratory failure or coma.
Anatomic patterns of the TEF. The anatomic patterns of
the preoperative TEF are outlined in Table II. As shown, the
mean length of the TEF was 2.5 ± 1.2 cm (range, 1-6 cm). Six
patients (19%) had extensive tracheomalacia. The tracheo-
esophageal tract was stenotic at the subglottic (n = 3) or cervi-
cal tracheal (n = 10) level in 13 (41%) patients. Three patients
had a double tracheal stenosis, at the level of the tracheosto-
my and tube cuff. The 20 tracheostomies were infected in 5
patients, inflammatory in 10, and ischemic in 5.
Management before surgical repair. Diagnosis of the
TEF was reconfirmed by removing the tracheostomy tube
and visualizing, through the tracheostoma, both the TEF and
nasogastric tube, either directly under artificial illumination
or indirectly through a flexible bronchoscope. Patients were
examined with a flexible bronchoscope to define the site of
the TEF, to identify its relationship to the vocal cords, carina,
and orifice of the tracheotomy, and to record the presence of
circumferential stenosis, inflammation, or injury to the tra-
cheal wall at the cuff level. All patients were preoperatively
stabilized with adequate nutritional provision and complete
infectious control.1,3,9 Removal of the indwelling nasogastric
tube was necessary in 26 patients, placement of a new low-
pressure high-volume tracheostomy tube whose cuff
remained below the site of the fistula in 8 patients, and posi-
tioning of draining gastrostomy and feeding jejunostomy
tubes in 26 patients.
Anesthesia. The same principles of tracheal surgery were
systematically used. To allow spontaneous ventilation during
the operation and early extubation, continuous infusion tech-
niques with short-acting muscle relaxants and rapidly metab-
olized intravenous anesthetic agents and short-acting opioids
were used. Distal ventilation was as follows: (1) In patients
without a tracheostomy and with a small TEF not requiring
tracheal resections, a small orotracheal tube was passed dis-
tal to the lesion. (2) In patients with a more extensive TEF, a
standard orotracheal tube was placed proximal to the tracheal
lesion and small volumes were used. As an alternative, initial
ventilation was obtained through the orifice of the tra-
cheostomy with the endotracheal tube pushed distal to the
diseased tracheoesophageal segment. Once the airway was
opened, all further tracheobronchial intubations were accom-
plished by sterile tubes inserted into the distal trachea and
connected by the anesthesiologist with a sterile connecting
tubing. (3) For TEFs located just above the carina, ventilato-
ry assistance was obtained with high-frequency jet ventilation
administered through small catheter(s) placed either across or
through the stenotic or transected airway into both main
bronchi or into the left lung. Alternatively, both lungs were
ventilated through two small (No. 5) endotracheal tubes
placed in each main bronchus.
Operative technique. Direct or indirect defect closure or
esophagocolonoplasty was done at the beginning of our expe-
rience, whereas tracheal resection and anastomosis and
esophageal closure have been adopted as the routine treat-
ment since 1991.
Table I. Profile of patient demographics
Characteristics Number (n = 32)
Age (median, range) 52 y (19-84 y)
Sex (male vs female) 14 (43%) vs 18 (57%)
Reason for mechanical ventilation
Medical conditions 11 (34%)
Postoperative complications 9 (27%)
Post-traumatic complications 11 (34%)
Suicide 1 (5%)
Tracheotomy (present vs absent) 20 (63%) vs 12 (37%)
Data are expressed as number (n) of observations.
Table II. Anatomic characteristics of the TEFs 
Characteristics Number (n = 32)
Length of the TEF (cm) 2.5 ± 1.2
Distance from vocal cords (cm) 3.7 ± 1.6
Distance from carina (cm) 4.7 ± 1.6
Laryngotracheal stenosis (present vs absent) 13 (41%) vs 19 (59%)
Data are expressed as number (n) of observations ± standard deviation.
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Direct closure of the tracheal and esophageal defects. This
technique was used in patients with small TEFs and a mor-
phologically normal trachea not requiring ventilatory sup-
port. Exposure was always obtained by an incision in the
lateral left presternocleidomastoid muscle. The sternocleido-
mastoid muscle was dissected from the underlying muscles
and the omohyoid and prethyroid muscles were divided to
expose the jugular vein, carotid artery, and thyroid gland. The
middle thyroid vein, if present, and the inferior thyroid artery
were ligated and divided, and the thyroid, pharynx, and lar-
ynx were retracted forward and contralaterally, putting the
deep cervical fascia under tension. The recurrent laryngeal
nerve was then exposed but not dissected in the tracheo-
esophageal groove and identified at a location remote from
the fistula. In most cases, identification of the fistulous tract
was not simple and required a more extensive dissection than
expected. Once the fistulous tract was dissected and individ-
ualized, it was divided. Closure of the membranous tracheal
defect was then accomplished either directly with interrupted
sutures of 4-0 polydioxanone (PDS, Ethicon, Inc, Somerville,
NJ) or indirectly by transposing and suturing surrounding
strap muscles (cleidomastoid, sternothyroid, sternohyoid, or
deltopectoral muscles) to the tracheal defect with interrupted
3-0 or 4-0 polyglactin (Vicryl, Ethicon) sutures. The
esophageal defect was then closed by a 2-layer closure after
debridement of the fistulous edges. The inner esophageal
mucosal layer was closed followed by closure of the outer
esophageal muscle over the mucosal layer with interrupted 3-
0 Vicryl sutures. By way of avoiding close contact of the two
suture lines and preventing recurrence, a pedicle flap of strap
muscle may be interposed between the esophagus and trachea
or the esophagus can be mobilized, rotated, and fixed to the
prevertebral plane.
Tracheal resection and anastomosis with primary
esophageal closure. These were the minor modifications of
the original technique superbly described by Grillo,
Fig 1. A, U-shaped cervical incision. Inferiorly, the incision
can be prolonged vertically just below the manubrial notch to
include an upper median sternotomy. B, The tracheal stoma
can be simply resected while performing the collar incision if
it does not directly communicate with the fistula or associate
with a tracheal stenosis or injury such that tracheal recon-
struction would not be possible. In these last situations the
stoma should be left in place and closed later with a myoplas-
ty. If the patient needs postoperative ventilatory support, the
tracheal stoma might be left in place. After removal of the
endotracheal tube, it usually closes spontaneously. In some
cases it fails to close when prolonged intubation has allowed
epithelialization between the skin and the tracheal mucosa. In
this case, a simple one-stage closure with an inverted skin or
myocutaneous flap may produce an epithelialized tracheal wall.
A B
Fig 2. In patients whose trachea is stenotic at the site of the
fistula, the trachea is divided below and above the damaged
area (including eventually the stoma) and ventilation is
obtained by inserting a cross-field endotracheal tube into the
distal tracheal airway. The opening of the airway gives com-
plete exposure to the esophageal defect. Mucosal (A) and
muscular (B) esophageal wall closure with interrupted
sutures is then fashioned over a nasogastric tube.
A B
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Moncure, and McEnany.9 Through an anterior cervical U-
shaped incision (Fig 1), including eventually the tracheosto-
my stoma, if present, the skin, subcutaneous fat, and platys-
ma were elevated as one layer and the flap was raised to the
level of the suprahyoid region. The sternohyoid muscles were
divided in the midline, and the thyroid isthmus was divided
and ligated to expose the anterior surface of the trachea. The
trachea was freed circumferentially only above and below the
site of the fistula, and care was taken to maintain the dissec-
tion as close as possible to the outer tracheal surface to avoid
injury to both recurrent laryngeal nerves and to preserve the
lateral blood supply to the unresected trachea. The trachea
was then divided below and above the damaged area, in
healthy tissue, and two lateral traction sutures were placed in
the distal tracheal wall. It is of paramount importance to assure
that the tracheal cut end has a normal diameter and mucosal
appearance. Once the distal airway was divided, ventilation
was obtained by inserting either a cross-field endotracheal
tube (Fig 2) or one or two catheters for high-frequency jet ven-
tilation into the distal tracheal airway. The original endotra-
cheal tube was withdrawn by the anesthetist, and its tip was
secured with silk sutures to be guided back through the glottis
on completion of the anastomosis. The opening of the airway
gives a complete exposure to the esophageal defect. The edges
of the esophageal defect were debrided and a two-layer clo-
sure was made over a nasogastric tube.
After closure of the esophageal defect, the trachea was
reconstructed via a posterior continuous 4-0 PDS suture and
several interrupted 3-0 Vicryl sutures anteriorly. Before com-
pletion of the anastomosis, the distal ventilation system was
removed and the original endotracheal tube advanced beyond
the anastomosis line. Excessive anastomotic tension was
avoided by performing laryngeal release. The wound was
then filled with sterile saline solution to test the anastomosis.
The cervical incision was closed by covering the anastomot-
ic line with the thyroid isthmus and by approaching the linea
alba cervicalis. If the anastomosis was located behind the
innominate artery, a muscle flap was interposed between the
suture line and the artery. Two soft multiholed drain catheters
were placed.
The mobility of the vocal cords was then assessed. If the
airway was adequate and there was no evidence of bilateral
recurrent nerve palsy, the patient was extubated immediately
after the operation. Patients whose TEF is located in the sub-
glottic region require special care. They cannot be treated
with circumferential resection because this would unavoid-
ably divide both recurrent laryngeal nerves and result in col-
lapse of the airway at the subglottic level. In these cases, the
operative technique described by Pearson and associates11
offers the great advantage of treating such subglottic lesions
without damaging the recurrent nerves while conserving
laryngeal function. This technique can be successfully
applied for those subglottic laryngotracheal strictures extend-
ing up to 1 cm from the vocal cords. It consists in removing
the affected cervical trachea and involved subglottic larynx by
completely resecting the anterior cricoid arch, partially resect-
ing the posterior cricoid plate (subperichondrially), and
reestablishing the laryngotracheal continuity by a cricotra-
cheal (posteriorly) and thyrotracheal (anteriorly) anastomosis.
Follow-up studies. All patients were observed until death
or last date of follow-up (June 1, 1999). None of them was
lost to follow-up, and efficacy of the operation was evaluated
by clinical and investigational examinations in all surviving
patients. Results were expressed as excellent (without any
sequelae) or good (minor sequelae not affecting quality of
life), both anatomically and functionally.
Results
Three patients underwent an emergency operation
because the TEF was diagnosed within 24 hours after
weaning and the general condition of the patients were
excellent, without signs of malnutrition, pulmonary
contamination, or sepsis. The remaining 29 patients
had elective operations after a median of 15 days
(range, 0-110 days) of medical preparation. Among
them, 3 (10%) patients could not be weaned from
mechanical ventilation before the operation despite the
institution of all principles of initial management.
Surgical characteristics. In all but two operations,
distal ventilation was obtained with cross-field intuba-
tion. Five left lateral cervicotomies were used at the
beginning of our experience, but all the other 27 oper-
ations were done with a U-shaped cervical incision
only. Operations included direct tracheal and
esophageal closure in 9 patients (28%), indirect closure
with myoplasty in 6 (19%), a two-stage esophageal
exclusion followed by esophageal reconstruction via a
retrosternal esophagocolonoplasty in 3 (9%), and sub-
glottic (n = 4) or tracheal (n = 10) resection and anas-
tomosis with esophageal closure in 14 patients (44%).
During this last procedure, the mean length of the
resected trachea was 4.6 ± 1.2 cm; 9 thyrohyoid and 2
supralaryngeal releases reduced anastomotic tension.
Morbidity and mortality. Twenty-three (74%)
Table III. Early (<30 days) and late (>30 days) 
surgical complications
Type of surgical complication Early (n = 32) Late* (n = 31)
Death 1 (3%) —
Relapse TEF — 1 (2%)
Anastomotic partial dehiscence 2 (6%) —
Occlusion of the 1 (3%) —
esophagocolonoplasty
Wound infection 2 (6%) —
Dysphagia 15 (47%) 2 (6%)
Dysphonia 6 (19%) 2 (6%)
Aspiration 10 (33%) —
Tracheal stenosis — 2 (6%)
Data are expressed as number (n) of observations ± standard deviation. 
*Excludes 1 postoperative death.
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patients were extubated immediately after the opera-
tion (n = 16) or within 24 hours (n = 7). Because of the
extensive tracheal resection and to decompress the
laryngotracheal axes, a tracheostomy tube was left in
place in 7 patients.
Early (<30 days) and late (>30 days) morbidity and
mortality are listed in Table III. One postoperative
death (3%) occurred after indirect tracheal (via the left
sternocleidomastoid muscle) and two-layer esophageal
closure. On the 7th postoperative day, the patient
required mechanical ventilation for bilateral pneumo-
nia with Pseudomonas aeruginosa and Candida albi-
cans culminating in a recurrence of the TEF by day 12
and septic shock thereafter. Seven late complications
(22%) were successfully managed with reoperation via
a tracheal resection and anastomosis (n = 1), tracheal (n
= 1) or esophageal (n = 2) dilation, definitive tra-
cheostomy (n = 1), Montgomery T tubes (n = 1), and
unilateral vocal cord Teflon injection (n = 1). Overall,
1 (7%) of 14 patients treated with tracheal resection
and anastomosis and direct esophageal closure had a
postoperative complication as opposed to 7 (38%) of
the remaining 18 patients receiving other surgical tech-
niques (P = .036). This complication occurred as dys-
phagia in a patient treated with subglottic and extended
(6 cm) cervical tracheal resection (for a double tracheal
stenosis), esophageal closure of a defect crossing the
pharyngoesophageal junction, and double laryngeal
release.
Long-term anatomic and functional results. All
but 2 patients are alive after a median follow-up of 12.5
years. The 2 deaths were related to the underlying dis-
ease and occurred 12 and 18 months after the operation
as a result of reconstructive esophagocolonoplasty
(Table IV). These 2 patients were also the only patients
with postoperative bad (major sequelae or definitive
tracheostomy) long-term results. The remaining 29
patients (93%) had excellent (without any sequelae, n =
24) or good (minor sequelae not affecting quality of
life, n = 5) anatomic and functional long-term results.
Excellent anatomic and functional results were more
common in patients treated with tracheal resection and
anastomosis and esophageal closure (n = 13, 93%) as
opposed to previous operations (n = 11, 65%, P = .04).
Discussion
Most TEFs are diagnosed while patients are still
receiving assisted ventilation. Since spontaneous clo-
sure of TEF is rare,2,3,5,7,12 surgical closure should be
attempted in each instance. However, repair should be
delayed until the patient is in fully stabilized condition
and weaned from assisted ventilation. This can be
accomplished by following certain principles of initial
management. First, the nasogastric tube must be
removed because it contributes, along with the tra-
cheostomy tube, to the continuous pressure necrosis of
the closely opposed tracheoesophageal walls. Since
this mechanism ultimately generates the TEF, it may be
speculated that the potential development of the TEF
can be avoided if the nasogastric tube is removed early
in the intensive care unit. Second, efforts should be
specifically directed to avoid stenting or plugging of
the tracheoesophageal hole with the endotracheal tube
or cuff or endoluminal stent, for instance, by placing a
new endotracheal cuff below the fistula. We believe
that the long length of the TEF in our series relates to
the fact that the majority of our patients had simultane-
ous nasogastric and tracheal intubation at some time
before referral. We are persuaded that, to some extent,
fistula extension resulted from continued pressure in
this region and led to “giant” TEF necessitating long
segmental tracheal resections. Third, gastric decom-
pression should be obtained by a draining gastrostomy
to avoid gastroesophageal reflux, as well as a feeding
jejunostomy to correct nutritional deficits. These
maneuvers are usually sufficient to avoid the devastat-
Table IV. Characteristics of patients having a 2-stage esophageal diversion and esophagocolonoplasty reconstruction
Characteristics Patient 1 Patient 2 Patient 3
Sex, age (y) M, 42 M, 76 F, 36
Etiology Necrotic pancreatitis Respiratory insufficiency Fibrotic mediastinitis
Tracheostomy Yes Yes Yes
Feeding Jejunostomy Jejunostomy Jejunostomy
Surgical indication Redo for bipolar esophageal exclusion Unipolar esophageal exclusion Unipolar esophageal exclusion
Operative technique Retrosternal esophagocolonoplasty Retrosternal esophagocolonoplasty Retrosternal esophagocolonoplasty
Early complications Retrosternal graft occlusion Bilateral pneumonia and aspiration Dysphagia
Late complications Diverticulum of the esophageal stump Definitive tracheostomy Fibrotic mediastinitis
Follow-up 16 y Death at 1 y of respiratory Death at 18 mo of progressive 
insufficiency mediastinitis
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ing pulmonary complications of TEF, improve pul-
monary function, reduce duration of mechanical venti-
lator dependency, reverse the inflammatory status of
the fistulous tract, allow nearby tissues to become firm
enough to hold sutures, and permit adequate nutrition-
al support.3,9
Outside the defined treatment principles are those
TEFs lying near the carina, for which adequate distal
ventilation is troublesome, or those in patients whose
underlying disease is controlled without pleuropul-
monary contamination, sepsis, or malnutrition, in
whom the TEF is diagnosed within 24 to 72 hours after
extubation. In both circumstances, surgical repair may
be attempted, since operations resulted in a major com-
plication in only 1 of 6 patients requiring emergency
surgery in our experience.
Once the patient is weaned, the surgical repair can be
accomplished by simple division and direct or indirect
closure of the fistula, segmental tracheal resection, and
primary anastomosis with esophageal closure or
esophageal diversion.6-10 After having used the simple
division and fistula closure or esophageal diversion as
the predominant techniques for almost one decade, we
began, in 1991, a gradual transition to the routine use of
the anterior approach proposed by Grillo, Moncure,
and McEnany.9 The reasons were both subtle and mul-
tiple. There were no data on the superiority of one tech-
nique, and all had their pros and cons. The left lateral
approach used for the simple division and repair gives
a limited and unilateral exposure of the fistulous tract,
even after partial upper sternotomy, and requires expo-
sure of the left recurrent laryngeal nerve. Identification
of the fistulous tract may not be simple and usually
requires a more extensive dissection than expected. The
tracheal membranous dehiscence is usually longer and
larger than that expected from the preoperative endo-
scopic evaluation, and there is usually some mediasti-
nal scar around the tracheal split. Hence the separation
of the tracheal and esophageal lines requires
esophageal rotation and thus esophageal devasculariza-
tion and can result in late tracheal stenosis at the level
of the repair or muscle interposition, as was observed
early in our experience. Among the 15 indirect or direct
tracheal and esophageal closures, 2 patients with TEF
had a relapse and 1 of them died, for a 13% incidence
of relapse and a 7% mortality rate for this technique.
Diversion of the esophageal contents and partial or
total exclusion of the esophagus in continuity with the
fistula13 is by far the most complicated, risky, and
invariably unsuccessful surgical repair of postintuba-
tion TEF,1,5-7 as it was in our hands as well. The ratio-
nales for complete diversion are that the excluded
esophageal segment (1) withstands elevated mean
inspiratory pressures, (2) creates a new and solid pos-
terior tracheal wall, and (3) suppresses a blind
esophageal pouch or significant dead space ventilation
without compromising delayed tracheal and
esophageal reconstructions by a second-stage tracheal
resection and primary reconstruction and colon or free
jejunal interposition. Esophageal diversion should be
used very selectively, that is, if the principles of preop-
erative management in ventilator-dependent patients
fail, because the morbidity and mortality rates after
esophageal diversion are remarkably higher than those
of the other techniques. This observation was con-
firmed in our series as well. The only two bad anatom-
ic and functional results we observed occurred in
patients having a two-stage esophageal diversion fol-
lowed by esophagocolonoplasty.
Although these were only clinical observations and
not documented by statistical quantitative measure-
ments, the introduction of the anterior approach origi-
nally described by Grillo, Moncure, and McEnany9 and
subsequently updated by Mathisen and associates,1
including tracheal resection of the stenotic segment
Fig 3. In patients whose trachea is normal, transection of the
trachea at the midline level of the fistula (A) gives an anteri-
or view of the entire defect (B). After esophageal closure, the
anterior and posterior tracheal defects are closed with contin-
uous and interrupted sutures as described in the text. Note (C)
that the esophageal and tracheal anastomotic lines are not at
all in contact with each other because of the reduced tracheal
but unchanged esophageal length.
A B C
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(when present), primary tracheal reconstruction, and
two-layer esophageal repair, was a pleasant surprise.
Because our experience with tracheal surgery was
increasing, in the next year we gradually underwent the
transition from the frequent use of the previously
described techniques to the routine use of the anterior
approach, irrespective of the presence of tracheal
stenotic damage. As experience increased, it became
evident that Grillo’s approach displays the following
advantages over lateral direct division and closure. The
repair is fashioned by an anterior incision that does not
require either extensive tracheal or esophageal devas-
cularization but only a single root of dissection. The
recurrent laryngeal nerves are less likely to be injured.
The operative field has a larger surface and gives an
anterior, bilateral, and thus complete exposure of the
entire tracheoesophageal damage, including those
intrathoracic tracheal and esophageal defects otherwise
unreachable from the lateral exposure. Since it treats
the associated tracheal defect by a segmental resection,
the risks of tracheal complications that may follow the
lateral approach are almost canceled. Moreover, the
esophageal and tracheal anastomotic lines are not in
contact with each other because of the reduced tracheal
but unchanged esophageal length (Fig 3). Therefore
eventual muscle interpositions or esophageal rotations
are unnecessary. This prevents late membranous tra-
cheal wall compression or stenosis at the level of the
muscle or soft flap interposition, as we observed after
other forms of repairs.
One may question whether the routine transection or
resection of the airway and resection of the fistulous
tracheal tract is worthwhile. On the basis of our learn-
ing curve and presented results, we believe that in
experienced hands this simple operative step adds no
morbidity but does add significant early and long-term
clinical benefit, inasmuch as many patients have some
sort of tracheal damage. Moreover, the quality of expo-
sure to the esophageal defect after the tracheal transec-
tion and/or resection is, in our experience, by far so
superior to any other approach that it enhances the safe-
ty and the precise visualization of the entire tracheo-
esophageal defect(s), permitting at best the most
detailed completion of the operation. Unsurprisingly,
we had only one complication in a patient whose sub-
glottic TEF was repaired through an extensive (6 cm)
tracheal resection necessitating supralaryngeal release.
This approach can also be applied to those patients
with end-stage respiratory function willing to sacrifice
their larynx and undergo a tracheal diversion. If the
esophageal fistula and the trachea are closed above the
defect and a definitive tracheostomy is performed, the
dead respiratory space is reduced, respiration assured,
and the TEF ultimately repaired.
In conclusion, the surgical experience learned over an
almost 20-year period with the management of postin-
tubation TEF underscores that surgical repair should be
delayed until the patient is stabilized and weaned from
ventilation. This can almost always be accomplished by
removing the nasogastric tube, if present, placing a new
tracheostomy tube whose cuff rests below the fistula,
and placing a feeding jejunostomy and draining gas-
trostomy. These guidelines are usually sufficient to pre-
pare patients for operation. The anterior approach as
described by Grillo, Moncure, and McEnany9 was rou-
tinely applied in the last 14 patients and resulted in no
mortality and excellent or good anatomic and function-
al results in all but one patient. These figures were sig-
nificantly worse in patients undergoing other types of
surgical repairs, suggesting that Grillo’s operation9
should be considered the optimal surgical technique to
curatively treat postintubation TEF.
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Discussion
Dr Douglas E. Wood (Seattle, Wash). Dr Macchiarini, I
sincerely enjoyed your presentation and concise analysis of
your 18-year experience with acquired, benign TEF. Your
early management relies on two manuscripts reporting suc-
cessful correction of acquired TEF by Dr Arthur Thomas, one
of the founding members of this Association.
You have clearly outlined the principles of management in
these patients—prevention of continued airway contamina-
tion, treatment of sepsis, avoidance of TEF extension, aggres-
sive nutritional support, and semi-elective repair after
mechanical ventilatory support is no longer required. The key
management applications of these principles are the place-
ment of the balloon cuff below the fistula, removing the naso-
gastric tube, avoidance of continued prosthetic pressure on
the fistula site, draining gastrostomy, jejunostomy, and antibi-
otics. These aspects of preoperative preparation are essential
to achieving the good results that you and your group have
presented.
Dr Macchiarini, you described the evolution in your prac-
tice and your satisfaction with the current technique of rou-
tine tracheal resection as a critical component of the repair. I
agree that the division of the trachea through an anterior
approach provides, by far, the best and broadest exposure for
correction of the TEF with minimal extent of dissection. This
same approach is useful in other difficult tracheoesophageal
problems, such as penetrating trauma to the lower part of the
neck or thoracic inlet.
I have three criticisms or additions that I would make to
your paper. First, the presence of a nasogastric tube, provid-
ing a pressure point against the balloon cuff on the common
tracheoesophageal wall, is virtually universal in the etiology
of these lesions. These lesions should be avoidable if the
nasogastric tube is removed early, even if the endotracheal
balloon is overinflated. Second, you performed fairly long
resections for these benign lesions, requiring a high use of
laryngeal release procedures and their expected complica-
tions. Since these lesions are benign, mature, and usually
have little inflammation at the time of repair, we believe that
the required length of tracheal resection is usually trivial, that
is, 1 to 3 cm. We have not needed to perform laryngeal releas-
es in any of our patients undergoing this operation. Third,
although the tracheal and esophageal suture lines often are
not in direct continuity, they are certainly in close proximity
and at risk for a recurrent TEF. Since it adds little time and no
morbidity to interpose a sternohyoid or sternothyroid muscle
flap between the two suture lines, why do you not add this
step to separate the suture lines and attempt to minimize the
potential for recurrence?
Dr Macchiarini. To address the last question, you are right
that interposing a muscle flap is a good option. Unfortunately,
in our early experience when we did the indirect closure
through an available muscle flap, it was there that we had
major problems with late tracheal stenosis. Of 6 patients, 2
had late tracheal stenosis simply because the muscle was
pushing against the posterior tracheal wall. Therefore we
abandoned this procedure, favoring the anterior approach.
Concerning the extensive tracheal damage that we
observed, again you are correct. Early in our experience we
had not observed this problem, but now it seems that more
patients have more extensive tracheal damage than before,
maybe because of the constant overinflation of the tra-
cheostomy cuff.
Dr Wood. I have one additional question. Dr Macchiarini,
the principles that you outlined were violated in 6 patients—
3 patients underwent emergency rather than elective opera-
tions, and 3 patients were still requiring mechanical assis-
tance at the time of surgical repair. What were the reasons for
not waiting until the patient was in stable condition and no
longer required ventilatory support, and what were the out-
comes in these patients?
Dr Macchiarini. Concerning the acute situation, these
were TEFs that fortunately were diagnosed very early on,
within 72 hours at maximum. We treated these 3 patients very
recently and had a good outcome because the trachea was
viable and the esophageal tissues were not inflammatory or
ischemic. Concerning the patients who were unweanable
from mechanical ventilation, unfortunately we were unable to
delay the operative repair, despite trying to do so, and in these
patients the outcome was associated with a higher rate of
complications. 
Dr John Benfield (Los Angeles, Calif). Dr Macchiarini, I
did not hear you say anything about the recurrent laryngeal
nerves. Is that because you avoided them and did not dissect
them out in the way that Dr Grillo had recommended? Did
you encounter any temporary or permanent recurrent laryn-
geal nerve palsies?
Dr Macchiarini. That is a technical challenge. As com-
pared to the original technique described by Pearson, we did
not look specifically at the recurrent nerve during the opera-
tion. We simply stayed as close as possible to the tracheal sur-
face. Even at the subglottic region, we did the operations
without identifying the nerves, which is almost impossible in
these patients because of the scar tissue.
Dr Benfield. Did any of your patients have recurrent laryn-
geal nerve paresis either temporarily or permanently?
Dr Macchiarini. There was 1 patient with paresis, but the
condition was known before the operation.
Dr Benfield. My second question is prompted by the fact
that many of your patients must have had respiratory failure
before closure of the TEF. Therefore, episodes of respiratory
failure in the postoperative period seem almost inevitable.
Please tell us about the management of respiratory function
in the postoperative period. 
Dr Macchiarini. We tried our best to have patients with
borderline respiratory function in good shape before the oper-
ation. Those who had borderline respiratory function had the
major problems, as well. However, by performing a detailed
operation we were able to avoid major functional complica-
tions. For instance, 80% of the patients were extubated either
immediately or within 24 hours after the operation. Those
patients who had temporary tracheostomy or a longer extu-
bation time were managed medically with antibiotics, phys-
iotherapy, and nitric oxide. Concerning those patients who
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had end-stage respiratory failure, we recently adopted an
alternative technique. Patients were asked if they were will-
ing to sacrifice their larynx by allowing us to perform a defin-
itive tracheostomy. We were able to successfully manage
these patients by reducing the dead respiratory tract. 
Dr Steven Guyton (Seattle, Wash). I would echo Dr
Wood’s comments about strap muscle use, as it is an integral
part of Dr Grillo’s operation to interpose strap muscle
between the suture lines. Particularly with a very extensive
TEF, the posterior wall of the trachea could be closed in a
longitudinal fashion, sometimes with the use of part of the
esophageal wall. With that, it is almost impossible to have the
sutures lines not directly opposed, and in this situation some
muscle needs to be placed in between. Resection of the tra-
chea really should be limited to the area where there is carti-
laginous damage, because the posterior tracheal wall can be
reconstructed. With that, it is rare for a laryngeal release to be
necessary. 
Dr Macchiarini. Our philosophy was not to reconstruct
the posterior damaged tracheal wall but rather to resect it
completely.
Dr Richard Whyte (Stanford, Calif). I echo the comments
and questions of Dr Wood and Dr Guyton regarding the
length of the tracheal resection with respect to the length of
the fistula.
My question deals with the frequency with which you see
this complication. I find this a vanishingly rare complication.
I realize that you have seen 31-odd cases over 20 years. Could
you comment on the distribution of these? Were more of these
seen earlier, when high-pressure low-compliance devices
were used, rather than in the more recent 10 or 15 years when
highly compliant cuffs are more typically used?
Dr Macchiarini. It is a conflicting issue. Early in our expe-
rience we saw less extensive tracheoesophageal defects, and
now we are seeing more defects that are more severe at the
tracheal level and not at the esophageal tissue. This may
explain why we favored tracheal resection rather than the
conservative muscle interposition between the two organs. 
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